
of the transduction clone. The gala&ore positive reversiona of these 

segregants are rtabh 

A charactersitio HFT culture has been obtained for each 

galactose xx@ negative as well as for ma type. These culture8 

were isolated initially by Blaking lysates of random segregants 

from heterogenic transductions and assaying the lysatee or. the 

appropriate cell0. This methbd is laborious and inefficient. To 

assist in the isolation a more rapid method was derised. Random 

segregantm coloniee were picked to smsl.1 volumes of water or broth . 

and a samples of each suspension were then. spotted on an B4B galactose 

plate spread with cell8 suitable for the detection of the HBT 

culture desired. The plate w was given a small dose of UV 

(about 10-20 seconds at 50 cm from a Sterilamp) and incubated for 24 hours. 

At the end of this time HFT culture8 were usually detected by the 

raised welt of galactose positive growth where lambda produced by 

the itiuction’ and lysis of the EDT culture had transformed bacteria 

of the bacmound film of growth. 

The Incidence of HFT @lactose negative mm%mWmx cultures 

is not high. Of 67 segregants tested, 7 w&e found to be capable Of 
&id 

HFT lysates, The true frequency might be higher than this, since b.8 

segregan$s were examined and there was opportunity to pick r3T 

segregants from originally HPT clones. 

hiltureS&x giviw KFT lysates that are pure for a partioIikr 

galactose negative allele are suitable for allel m test8 of unfcnawn 

galactose negative cultures by the cross brush method. 



~xPerirents with lYsat88 piving a hiah freuuencs ~~transduction 

Although the HEFT lysatea have not yet been obtained with 

phage titers comparable to'.bfF'T 1Jrsates the titers have been sufficient 

for transdorming a large fr&ction of a cellpopulati0n exposed to them. 

Th8 lar$eet fraction Of traXISfOrIU%tiOn ObServed thU8 far ha8 been 12.5. 

pem8nt of e~o8ed~cell8, but in most eqperimeots the fraction has been 

between 1 and 5 percent. 

1 The use of HR'T lysatss h&~r permitted the study of several problems 

not attachable with bT lysates. One of these is the relationship Of frans- 

duction to lpsogeniri?rt ion with the’.phage lambda. &other problem is that 

of the interaction of Gall and Ga14. Both of these pro&ma will be 

dealt with in the next se_cltions. With #PT lysatea, transduction was 

experimentally feasible pdr X only whan'a galactoae phenotype 18 

generated that can be Sa8Cted from a galactoee negative baCkgrWna. 

BITT lysates, permit the detection of galactoae negative segregants from 

transductions clones derived from galactose positive recip &n t C8118. 

Transductions in this sense have facilitated further 8tUdie8 of the 

interaction of the galactose loci with tjie Lp locus. 



a relationship ai lssonenitation to transduction 

w eXpO&lg cultures of Lp* C8llm to Bfi lysates, dilatbg, 

and then plating on galact+ae m8diUAt to obtain isolated coloniee it 18 

pO88ible t0 8tUdy the behavior Of indiviaaal ~8118 with r8gard to 2k~%~ 

traneduction Bnd lysogeniratiou activities. !l!able l~shows the results 

of an experimerrt in which 1.1 percent of a cell population was transformed 

after exposure to a HPI lyaate. The seoond portion of table Ifgives 

the phage reactions of the galactose positive (traUSdUCtiOu8) and 

galactose negative colonies derived from cells expoeed to the D'!P lysate. 

All of the transductions w8re lysogenised or convert8d to the II& state 

while the non-transformed colonies were either phsge seneitive or 

contaminated with Phags. 
1 

. 

!Chese result8 suggest that lambda a the transducing activity. 
could be QV Led 

However, under the eq?erimentd conditions employed it v & h&t 

the tranaductious are the result= of the action of two entities. like 
wou IA 

first, which,acts upon the cell8 and makes them spotential" tramduCtiOns, 

and the second, lambda, which in the process of lysog~nixing~ the cells, 
goAc+imcJ. ? ::?,.t; 00 many phaqe tOu;fach to rcrul+ k 

tiOn8. fp order fO+;trtiSdUCtiO/n(( F 

the npotentiating~ agent wonld have 
+r’e;r --%-abed 

to be #RJ-+&w-~~ ten-fold .i&'excek bs-#gusd W 

b-e(=W%%Msv 



sctivities the titurel) w%r% c%ntrifUg%d, the rrOpeVhta$ W%t% ~~~d@d 

OIL lE?+fB @km! $alacbore medium, Ab $alaatme paaltfre CO1.oniOfJ were observed 



a roughened papillate surface. On str@ng out they gave rise to positive 

colonies, negative colonies that remained negative, and to papillating 

galactoae negative colonie8. 

In each experiment a number of galactose positive colonies 

derived from the papillating negative colonies were %sm&~#% picked and 

Str&dksd out twice for purification purposes. From the second streaking 

galactoae negative segregants were obtained and ClaSSified with regard 

to negative allele. In each experiment idiotypic and allotypic segregants 

were observed and in one experiment smphitnic aegregants were found. The 
r. 1 amphitypic ( Gall- Galb-) sdgregants were transformed toawild type 

phenotype by lysates of wild type cells, and a lysate of;the smphitype 

formed galactose positive transduction clones when qplied to Ga12- 

recipient cells. 

The failure to realise ti wild type phenotype when the positive 
trans- 

allele8 are in a Bmmspo8ition, and its realisation in the cis-po8ition 

constitute8 a positional effect for these loci. Q61c 



a action of HFi! lysatea on lambda-2 resistant Cultures -- 
(ta.w) 

In the preuious di8cu88ion,,~T lysates were Stated not to 

transduce lambda-2 resistant recipiex@ cells. BB"p lysates, on the .' 

other hand, do transduce lambda-2 resistant cells, but at a low 

frequency (one per 14 transducing particles). This is presumably 

e&s@e+&& potlsncy of HEHE lysates, 
ecuuc4 b 

which helpsto uncover any 

residual interaction of transducing phage and la&da-2 resistrat bacteria, 

regardless of qhich element had varied. Such variation might then be 

either phenotypie (expressivity) or g8nOtypic (mutation) Dither in 

virus or bacterium. 

The interaction of HFT lysates with lambda-2 resistant cells 

is illustrated by the following ob8%rYation8. Some mutations to lambda-2 

resistance are accompanied by a coincident change to iam.Wx inability 

to f srment malt068 ( 2. LOderbOrg, ux@ublished). BeversionS to abilfty 

to ferzt maltose is accompanied by reversion to lambda-2 sensitivity 

and vice versa. These two phenotypic effectr have never been separated 

in .cr08888 snd it is pre8umOd that they are t&e result of a 8ingl8 

mutation. 

The transductions of a galactose negative, malt088 negative 

lambda-2 resistant, lambda sensitive culture obtained by the action Of 

an HFT lysatd are of two types. Xaltoae positive and lambda-2 sensitive, 
888 

and maltose negative and lambda-2 resistant. The first of thou a 

types representa the detection by the EFT lyaate of reverae mutation 
. 

of the locus in the recipient cell8 'COntrOlling lambda-2 reihkACOe 

Th8 second type of tranadu&ion in about 95 percent of the car48 

is stable for galactose fermentation. Study of the tran8fOrIDability Of 

gahC&OSe negative 8Cgmgat;tfB from the unstable transdUCtiOIU Clone8 ru4 

shared them not to be susceptib 



to a higher frequency of transduction than the parental sxkkaxa maltose 

negative 1ambd.a~2 reristant cti$&e. In thWLcase8, at leart, thare has 
I 

not been a mutational change in the recipient cell to a m greater .’ 

aptitude for transformation. 

About 95 percent of the m maltore negative 

lambda-2 rest&ant transductions have been found Lp’, the remainder Lpr. 

The Lpr forms may be stable or segregating for galactose, but t9 segregating 

clones are Lpr.Segregation for galactose fermentation is usually accompanied 
l se 

by segregation at Lp. Presumably in th 
4$k 

cases there ha8 been variatiOn 

in the transducing particles, although it is possible that in the transductions 

ending in Lp s clones that an agent distinct from lambda ie opergting. 
-+wG G4vw+ 

Crossing behavior of the p -- 

In previous sections it was noted that transductfon clone8 
SlHCb 

gave HF!C lyeate after W induction. X spontaneously produced phage is 

similar tp ph8ge produced by the induction technic it might be expected 

that in crosses between transduction clones and gakaotose negative oultU??e8t 



llhe trammission of galactose he.terogenicity in +sses is greatly 

lnfluneced by the F w polarity of the cross (table 1 
4. 

. When an _ 

%mt&b heterogenic r+ culture 18 aO88ed With a nO@leliC gak%CtOSk 

negative Lp* F- culture, unstable galactose positive prototrophs are rue* 

When the unstable culture 18 F -, and crossed with a non-allelic Z!!k galactose 

negative 2 Lp' I'+ culture, most of the prototropho are galactose pO8itiVe 

and unstable. Some of the galactose negative prototrophs in these cros8es 

can be explained by galacto8e negative eegregants in the unstable @X 



M 60USSIOIFI 

The xnx result8 presented above can be placed in an orderly 

fashion by the following scheme. When lysogenic cell8 are expoeed to 

ultraviolet radiation and the prophage is induced to form mature phage, 

on rare occasions a fragment of the bacterhl chromosome is included 

within a phage particle. When thie particle injects Its genetiu material 

into another bacterial cell, the fragment is also inJected and if the 

recipient bacterial cell has the iroper genetic constitution the presence 

of this extra genie material is made obvious. 
s 

n 

a=. 

The allatypic fragment usually persists at cell ditision, 80 that 

segregating clones can be maintained indefinitely~in mass culture. At 

least two additional event8 are inferred: (1) diploid crossing over leading 

to reorganized digenotee. Since these may be hetebogenic or homogenic, a 
k&v 
M r& strand (Or more) stage 18 implied. (2)segr$ation occur8 leading to 

liizzhr h&logenot{, the etate typical of 2. call. The fate the fragment is o s’ 
unknown. Crossover haplogenotes (amphitypes) have also been 18olated and 

may represent either a third proce88, or the first two in sequence ( cf 

Pontecorvo, 1954). Since heterogenotes give HFT lysater, the fragment or 

a replica of it, is sesumed to have a high probability of incorporation 

in the phage obtained by UV induction. The low yields suggest a burst of 

one phage particle, a reversal of transduction. *. 1 

Yrom thir description it 18 evident that the genetic transfer 18 

intimately associated with the process of lyeogenioatlon alld lysogenicity. 

Concerning the process of lysogenieation in K-12 little is known beyond the 

fact that cell and phage interact, there is a period of indecision, and the 



infected bacterium either die8 or generate8 a clone containing lysogenised 

cellr. Once lysogenicity is established the capacity to produce phage 

behaves as a nulcear gene that is closely linked with a number of loci 

controlling galactose fermentation. 

!Phe fix-g step in the scheme is the inclusion of a fragment 8f 

Srm within a phage particle. In ?dmOnella the fragment 18 a random 

section of the cel$s'genetic material, but in &L co11 K-12, it is 8 quite 

specific, for only a restricted group of loci are transduced by lambda. 
cd- 

Again in contrast to Salmon8ll.a, "lytic" lambda is IncompetW in 

trbmduction. Ihis msy reflect an inherent difference between lytic and 

I _ W induced phage. 

In the establishment of lysogenicity the genetic material of 

lambda enbers the cell and adsociater itself in some way with a specific 

region of the bacterial genome. In the induction process it is presumably 

.emergee from its place and atarts to multiply. Transduction could be 

eccounted for by some latitude in the separation of the galactose loci 

from the prophage linked to them, and their common bnclusion in 8ome 

mature phege particlea. The close genetic proximity of the galactose loci 

would suggest their increased liklihood of &ncluoion, but there is no 
closely 

necesesty that 
4 

linked @Xl08 be ala0 spatially close to one another. 
--...-__- : .' ,@YT bA$W) . :. - 

%here are Iwe types,,of culture in which tranphcing pad&lea 
i 

are formed ~bi‘it ia,l&timate'to a& whether l;he two are diifszent 
’ I’, , 

pbejpaststrr or ;tbt asrely qtumtitdvely aiff&d arrpectr of a ilfngls 
.’ : ” : 1 * . ;- ., ‘\, , 

phwoaenon. The evidence for a un2ta.r~ pr43o%re 1s negative la n+xge Qat 
.,‘. ..: .2.-,., 7.. ., 

1.r;. m’ di~arpnae have been noted”be%ween. 
.- : 1 . . .-. : : ._ 

_’ 
-I 

tmept’poruibly:‘~e g@r mia~c43 of t‘ . . - 1 
+& the foX'k& !4hi8 e%ceptiOP, ff it be -ob,,: uoald ft8elf be t@&et& _ -1 , 
*On .*e brtir Of qnautitativa difference8 betveen~the tvo ly8ater. 



in ntmrl)~ 
~---.~_--. .-~ .-._---. - 

The nature of the aseoci&on of the fragment with the infective 

phage particle is not known. Presumably the material hs within the phage 

membrane since it is not attacked by desoxyribormclease. The availability 

Of lyeatee in which ti meet Of the phage paiitiales have activity (m 

lysates) or have no aotivity (N’T lysatea) suggests that morphological 

comparieons might possibly be made via electron micrsocop f intact W 

@WXBXSS or disrupted phage particlerr. 

The fragment entera the bacterial cell in company with the prophage, 

by analogy with T2, probably by the injection process (Hershey and Chase.1952). 

The association of the fragment with the prophage in transduction 

to lyoogenic. cells cannot be stated in the absence of phage markers, since 

it is not poseible to distinguish bet&en the prwionely carried and the 

newly enrtered prophage. !I!he carriage of more than a single pro@age by 

cells of g. coli K-l.2 has been reported by Appleyard (1954) and it 18 

likely that the tranednctiona of lysogenic recipient cells are al80 

carrying more than a single prophage. 



In only one in8tanc8, from more than 250 segregation8 studied, has rregregation 

from a transduction of lyaogenic cell resulted in a change at Lp. In thir 

case an idiotypia segregant became Lps, and this might have been a 8pontaneoue 

%utationm. 

T In the transductions to Lp’ recipient cells the association 
thb 

between transduckng prophage and&fragment is possibly better seen. Theee 

transductions are of two kinds, Lp+ and Lpr. Al 
Y 

segregants from Lp+ clone8 

have been lysogenic. On the other hand, Lpr transduction clones segregate 
’ r 
Lp /Lp8 as well as Gal+/Gal-. The incidence of Lps Gal- idiotypes -ports 

the.notion that these loci are linked. 

In considering the relationship of the fragment to the reet of 

the’genome no specific statements can be made with regard to its perpetuity 

in the heterogenic clone. One would depend upon its poaeession of a 

functional centromere, so that it would behave as a small autonomous 

cbromoaome, or the fragment would be attached to the homologou8 chromoeome 
&dvntrlr 

segment, either intersitially or terminally. EitherEposition preaenta 

difficulties for crossing over , and the fragment as a separate chromosome 

~seems more plausible. 

In the above sectiona the results have been treated and diacuse~ 

p d 
/ 

eneral may. It is obvious that the study of this transduction system 

has only begun and t&at many experiment8 and inters6ting Ob8erVatiOn8 will 

be made before the problem is completely understood. It la proposed to investi- 

gate lambda transduction further along the following lines. 

1,’ Whether the production of transducing activity in iuFT cultures 

la related to the interaction of radiation and cells, or 18 the result of 

a mutatio 
% 

like event in the cell popu&ation. 

2. The production of transducing particles in HFT lysates. 

t3. The action of radiation on transducing particle8 and the pOrreib$li%f _. 
of inducing mutations. 



6. Further $%dies on crossing over between fragment and idiotypic 

loci using additional markers. 

7. The relationship between lyaogenfsation and transduction, ati 

between lysogenieatfon and crossing over0 

8. %timation of the g’ene order of the transduced loci and their ti 

relationship to other mapped loci. 

w 
9. Study of the biochemical steps controlled by the various loci 

**tI+e f3JxmuB fermentation Of galactoee. 

: 4. The debeotion of other loci within the transduced region. 
Fp?p* 

! 5. The behavior of the fragment transduced during meios a* 3 
d ’ 

.‘, .: r A 



A cluster of loci In Escherichia coli K-12 was found previobsly 

to control the fermentataon of galactose. Iqygenicity for the $-Crate ’ 

bacteriophege, lambda, was also found to be closely linked to these loci 

in crosses. The phhg~ lamhda now has been f .urd to transduce these loci, 
I 

as can be readily demonstrated by mixing lysates of galactose positive 

culturea with galactoae negative cells on a selective medium, ElMB 

galac to se agar. ; !l?he transductions 

result in clones that are he&erogenic, that is, they are diplaid 

for a small region of chromosome. The small fragment of chromosome 

transduced appears to have a functional centromere, and is perpetuated 

within the clone even after mtuv single coloq isolations, but it may 

on some occasions be lost. While in the clbne tit has been found to 

crossover with its ho@clogoas region , on some occasions at least, 

at a four strand stage. Each of the new phage particles formed in lysates 
8 F 

of hete;genotes has a high probability oe( containing v e tr 

Wt the fragment e carried in the heterogenic clone. 

A position effect on the expression of two of the transduced loci has 

been observed. i; q eterogenotes of Gall and Gal4 are not phenotypically 
, 

galactose positive in the tranq position+, but are solin the &.& 
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Table 16 

a transmission of heteroKenici& 
&j groseea 

Ar,to&rophia recaubhantr 
Galactc~ (+I GW (-) 

1' oLbmt 6Goo' 

54x** 99 

,, ’ 

** 25 of 30 oxaeiti were anrtedb for galmtoue ftwmeakrtian. 
one segreg.aut f??onl lBmh sf the 2s Wlb tee&d, all were of&~-. 

(1) matno platlngcr ehwed the rahfm of (+I/(-) Zn this 
Oultum was 109/57 

(2) ooutrol pratings shcwed the ratia of (+)/(-) in this \ 
culturs was 115/13 



Table 1 

Principal cultures 

Wisconsin 
Stock Number 

W518 

w750 

W811 

x902 

w1210 

wS+36 

Wl924 

W2175 

W2279 

W2281 

GemtsPe* 

F' :4- Lacl- Gal40 Lps 

F' M- Lacl- Gall- Lp+ 

F+ M- Lacl- Gal 4- LP+ 

F- T-L-Bl- Mall- Gal20 Lp+ 

F' M- Lacl- Ga12- Lp+ 

F+ T-L-Bl- Lacl- Gal40 Lps Sr 

F+ M- Lacl- Gal4- Lpr 

F+ Ga12- Lp+ 

F+ M-Lacl- Gdl- Lp' 

F+ M- &xl- Gal20 Lp' 

* Genotypic symbols reger to the following characters, 

(1) Gonrpatibility status, F 

(2) Nutritional requirements; M, methlonine; T, threonine; 
L, leucine; Bl, thiamin 

(3) Fermentation reactions; Lac-, lactose negative; Gal-, galactose 
negative; Nal-, maltose negative 

(4) Phage reaction; Lp', lambda sensitive; Lp+, lambda lysogenic; 
LP? lambda resistant, but not overtly lysogenic. 

(5) Drug resistance; S, streptomycin 



Table 2 

Recombination between the various 
,,+r Galactosa loci ‘,,@ : .! \ 

Minimum &umber of Percent Galactose 
8ross Prototrophic Recombinants Permenti~ Becombinants 

3’; Gall- X F- Ga12- (1) lSO0 0.13 rl 

(2) 6517 0.06 ' 

(3) 3603 0.03 d 

11620 0.06 - 
F+ Ga14- x F-Gall’ 4588 0.13 J 

F+ Ga&+- X T Ga12- 2654 0.23 



Table 3 

Obeervatfons on lambda lysate transductions 

LOCUS Xtunber of emmrfments Cultures involvedA 

&. Loci not transduced -m 

Lacl 

(serlne or glycine) 

Leucine 

Methionine 

Xylo se 

1 

1 

3 

4 

3 

1 

9 

l(lytic lambda) 

2 

1 

1 

Wll2 

W1678 

W1736,W1436a 

58-161,W811,W1821,W518b 

W1821' 

W518d 

~1692 ,w1920 ,w2062* 

W2062~ 

WI31 ,Wz347g 

w2071 

w2307h 

i, Loci transduced 

Gall 

Gal2 

Ga 3 
Gal4 

Ga16 

W75O,W2279,W228O,W2373 

W121O,W2175,W2281 

W2297 

w518,w811,Wl82l,W1436,WlP24 

~2070 

(Foptnotes table 3 continued) . 

f- lyt$& lambda grown on t4- culture 
g- lysa$e of prototrophlc HFT Gal - culture 
h- lysate of prototrophic HFT Gal:- culture ' 



The interaction of lysates aA cells Of -_I_- 
galactose negative ctlltuI?e8 

Recipient 

@al2- (1) 14 52 11 43 - 

(2) 20 10 - 3% 

Gal4- (1) 89 - 202 - 

(3) $0 W - 417 

(3) 47 - - so 394 

* !Fha AO added lysata plate whioh represente the wber of 
8pontaAeous reversions ocanring on the plate. The reetslining fim88 are 
the mu&era of p~illae occuring on the plates per 0.1 ml of lysate ' 
added. 



Recipient+ 
cells O&J 1 

GdlW 

@%- 

Oa14- 

Ly sate 
&$V@l'8iOIb ame BevG3IWiCjn 

Gall+ (1) 0 6485 

hlz’ (2) 10 96 

Gal2* (2) 6 552 

Ml4+ (5) 39 204 

Ga&* (8) ! 2S 291 

*number of ~pfllm per plate, 0.1 ti of lysate p~cted. 



Table 6 

!Ihe necessity of lambda adsorption 
for transduction* 

Recipient+ 
Cells (LD 1 

GE+ 

r 1 2 { 
Gs32- I \ 20 356 

T ! 14 14 

0 89 296 
r 50 57 

*Gumbar of ;gapillae par plate, 0.1 ml of lysata plated 
+4 s;&&.&&&-Z~In= !lAi0d&-LW. fi 



228 %4+ + 3 2* 2.4 x lOlo 

hl2- + ? 8 

Gal4- 8 9 8 

239 Ga+ + 2 0 2.4 x lOA* 

Gaf.2. + 6 2 

Gal&- 8 13 8 

m Gall- 8 6** 2.4 x 1Om 

GZblx- 4 3 *c* 

Gd2- a PO+ 

G&4- S 6** 

G&+- + 1 2** 

Gal40 4 14 lo*+ 

*Fq~illae per plate, 0.1 ml lysate pIat& Lysate prepared by 
growing G - lambda (UV inducticn) on a gala&am fe2mf3ntiag CultWe, 

"la, +a eae papillae picked axad 8treaked cm X2-B gslsctoss nedlu.m 
and found stable for galactose fermntationr 



Table 8 

me specifio activitxof haate of the -- 
transduction clone8 

Recipient Tran8ducing Titers 
Cell ly8ate !transductiOns On Lp+ a88sy Cell8 P/T* 

Plaques (id,- Gale,- @dJ,- 

GaQ- wild type '5.8 x lo8 2.4 x 106 1.8 x 107 1.3 I lo7 32 

Gall- Ga12- 7.2 x 10 '9 1.2 x108 1.0 x 106 - 60 

Gall- Gal2- ** ? x10 6 1:8 x lo6 6.3 x lo4 - 
.-‘, 

Ga12- Gail- 6.2 x lo8 4.3 x107 1.5 xl08 - ?. .,,' 

Gal49 Gall- 1 1.5 x 108 5.0 x 107 7.5 x lo7 7.4 x 107 2 

Gal4- G&&l,- " 7.3 x lo8 2.5 x lo7 2.8 x 105 - 29 

* Bat10 of plaques to tra3-&8dUCtion8: the maximum tran8ductign 
titer observed is used for this estimate. Usual ratio P/T is about 10 

** A second i8olation. 
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Table e 

f&e occurrence of st+e trfUk8dUctiOn~ 

Recipient Lysat08 
cella #X Wild 

-tm* Gil, 0 hl*- &?&I,,- 
T/C* 0 T- T/C 0 T T/C" C T T/C' C T 

Gall- Lp' 38/l 1 l4 0 0 0 11,/l 1 11 30/l 1 29 

LPf 46/l 1 2 - - - 84/l 1 4 27/12 I.2 27 

Lp+ 143/l 1 42 - - - 92/l 1 0 - - - 

Ga12- LP" 46/o o 15 214/o 0 27 - - - 98/O 0 4 

Lp* 248/17 17 21 83/14 14 61 - - - j9/14 14 52 

Lp+ 23/4 4 6 65/z 2 o - - - 56/5 5 0 

Ba14- Lp8 835/13 19 383 72/29 29 72 4?2/11 11 20 - - - 

Lpi 573/41 41 133 96/51 51 96 - - - - - - 

Lpr 320/31 31 127 - - - 238/31 31 50 - - - 

+ Pqillse transduction-plate/ papillae control plate. T = 
transduction plate, C = control plate 

** Corrected for sample taken, &able obs. X Papillae traafd. alate 
sample size 

With the exception of the T/C colum, cslnbers given are number of stable 
galacto 88 fermeuting papillae. 


